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UNCAGING DEVICES 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a non-provisional utility patent application claiming 

priority to and benefit of the following prior provisional patent applications: USSN 

60/427,664, filed Nov. 18, 2002, entitled "Photo Activated Sensors, Regulators and 

Compounds" by Nguyen and McMaster, USSN 60/436,855, filed Dec. 26, 2002, entitled 

"Caged Sensors, Regulators and Compounds and Uses Thereof by Nguyen and McMaster, 

USSN 60/439,917, filed Jan. 13, 2003, entitled "Caged Sensors, Regulators and Compounds 

and Uses Thereof by Nguyen and McMaster, USSN 60/451,177, filed Feb. 27, 2003, 

entitled "Caged Sensors, Regulators and Compounds and Uses Thereof by Nguyen et aL, 

USSN 60/456,870, filed Mar. 21, 2003, entitled "Caged Sensors, Regulators and 

Compounds and Uses Thereof by Nguyen et al., and USSN 60/501,599, filed Sept 9, 

2003, entitled "Caged Sensors, Regulators and Compounds and Uses Thereof by Nguyen 

et al., each of which is incorporated herein by reference in its entirety for all purposes. 

FIELD OF THE INVENTION 
[0002] The invention is in the field of uncaging devices, namely, devices that can be 

used to uncage caged components. Masked multiwell plates and methods of initiating 

assays that include caged components are also described. 

BACKGROUND OF THE INVENTION 
[0003] A photolabile caged compound is a compound whose activity is inhibited, 

blocked or limited by the presence of one or more photolabile caging groups covalently 

associated with the compound. Exposure to light of an appropriate wavelength cleaves the 

caging group(s) from the compound, restoring its activity. A number of photolabile caged 

compounds have been (and are being) developed, including, for example, photolabile caged 

nucleotides, neurotransmitters, second messengers, and fluorescent dyes. Such photolabile 

caged compounds have been used, e.g., to examine various signaling pathways. However, 

the utility of such photolabile caged compounds (and other photoactivatable compounds) 

has been limited by lack of a convenient technology for uncaging the compounds 

reproducibly, uniformly, and safely, across various formats. 

[0004] Devices that adapt microscopes for uncaging samples on microscope slides 

exist and are commercially available, e.g., from Photonic Instruments, Inc. (MicroPoint™ 
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flash photolysis system, www.photonic-instruments.com); Caim Research Ltd. (xenon arc 
flash photolysis system, www.caimweb.com); Rapp OptoElectronic (fiber optic flash 
photolysis system, www.rapp-opto.com); and Fryer Company, Inc. and Prairie 
Technologies, Inc. (fiber optic, UV, and laser photolysis systems; www.fryerco.com and 
www.prairie-technologies.com). However, these devices cannot uncage samples in 
multiwell plate, test tube, or other common laboratory formats. Devices such as xenon or 
mercury flash or ultraviolet (UV) lamps (e.g., Blak-Ray UV lamps from Spectronics 
Corporation, www.spectroline.com) can be used for uncaging, but the illumination provided 
by these devices (e.g., the optical energy density to which the sample is exposed) is 
typically not uniform or reproducible from use to use. In addition, such lamps typically 
have no safety features to prevent accidental exposure of a user to UV light, are not simple 
to use, and provide low energy light. Devices such as a RAYONET Photochemical Reactor 
(available from Southern N.E. Ultraviolet Co., Branford, CT) can be used for uncaging but, 
e.g., do not allow the wavelength or optical energy density to which the sample is exposed 
to be conveniently controlled. In USPN 5,981,207 (Nov. 9, 1999), Burbaum et al. suggest 
that a microplate reader can be adjusted and used for uncaging, but the UV light produced 
by such readers typically has an inconveniently low optical power density. 

[0005] The present invention provides uncaging devices that overcome the above 

noted and other difficulties. A complete understanding of the invention will be obtained 
upon review of the following. 

SUMMARY OF THE INVENTION 
[0006] This invention relates to uncaging of photoactivatable caged components. 

Uncaging devices and masked multiwell plates that can be used, e.g., for uncaging 

photoactivatable caged components are provided, as are related methods of initiating assays 

by uncaging photoactivatable caged components of the assays. 

[0007] In a first aspect, the invention provides uncaging devices. One general class 

of embodiments provides an apparatus comprising a work area, an uncaging light source 
that directs uncaging light at the work area or a selected portion thereof, and an optical 
meter that monitors the uncaging light. In this class of embodiments, the optical meter is 
positioned in a first plane that runs through the work area. Another general class of 
embodiments provides an apparatus comprising a work area, an uncaging light source that 
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directs uncaging light at the work area or a selected portion thereof, a multiwell plate, and a 
plate holder. The plate holder is configured to accept the multiwell plate in a first fixed 
position, wherein the multiwell plate in the first fixed position occupies the work area. The 
multiwell plate comprises a photoactivatable caged component, and exposure to the 
uncaging light results in uncaging of the caged component. The uncaging light typically has 
an optical power density greater than 100 jiW/cm^ at one or more wavelengths between 
about 100 nm and about 400 nm. Yet another general class of embodiments provides an 
apparatus comprising a work area, an uncaging light source that directs uncaging light at the 
work area or a selected portion thereof, and an exposure controller. The exposure controller 
controls optical energy density of the uncaging light to which the work area or the selected 
portion thereof is exposed, whereby the work area is exposed to a desired optical energy 
density selected by a user of the device. In this class of embodiments, optical power density 
of the uncaging light is substantially uniform over the entire work area. 

[0008] Another aspect of the invention provides masked multiwell plates. Thus, one 

general class of embodiments provides a masked multiwell plate that comprises a multiwell 
plate and a mask. The mask alters optical power density of uncaging light impinging on at 
least a first portion of the multiwell plate (e.g., on at least one well or portion of a well). In 
some embodiments, the mask inhibits or prevents the uncaging light from impinging on at 
least the first portion of the multiwell plate and permits the uncaging light to impinge on at 
least a second portion of the multiwell plate. In other embodiments, the mask decreases the 
optical power density of the uncaging light impinging on the first portion of the multiwell 
plate, but does not completely block transmission of the uncaging light. 

[0009] Yet another aspect of the invention provides methods, e.g., methods of 

initiating assays comprising photoactivatable caged components. One general class of 
embodiments provides methods of initiating an assay within a reaction area. In the 
methods, at least one photoactivatable caged component of the assay is introduced into the 
reaction area, which has an area of at least about 50 mm^. The reaction area is exposed to 
uncaging light, which exposure results in uncaging of the caged component. The optical 
power density of the uncaging light is substantially uniform over the entire reaction area. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Figure 1 schematically depicts an uncaging device. 



[0011] Figure 2 schematically depicts an uncaging device. 

[0012] Figure 3 Panel A is an isometric view of a plate holder and mask. Panel B 

is an isometric view of a plate holder. Panel C is an isometric view of a mask. Panel D is 
a cross-section of a plate holder containing a mask and a multiwell plate. 

[0013] Figure 4 schematically depicts a kinase assay employing a photoactivatable 

caged kinase sensor. 

[0014] Figure 5 presents an optical spectrum of output light from the ABM UV 

exposure system without a 365 nm filter (Panel A) and with a 365 nm filter (Panel B). 

[0015] Figure 6 schematically depicts optical power density meter probe positions 

within a typical multiwell plate footprint. Exposure areas of three UV exposure systems are 
also indicated. 

[0016] Figure 7 schematically depicts, uncaging using top illumination. In this 

example, illumination is provided from the top of the wells of a multiwell plate, e.g., for 
uncaging a sensor in solution to perform a biochemical assay. 

[0017] Figure 8 schematically depicts uncaging using bottom illumination. In this 

example, illumination is provided from the bottom of the wells of a multiwell plate, e.g., for 
uncaging a sensor in adherent cells. 

[0018] Figure 9 schematically depicts uncaging using bottom illumination to each 

well. In this example, illumination is provided to a single well at a time, e.g., from the 
bottom of the wells, e.g., for uncaging a sensor in adherent cells. 

[0019] Figure 10 schematically illustrates fiber optic bundles used to guide 

uncaging light to the wells of a multiwell plate. As depicted, illumination can be provided 
to the top and/or bottom of the wells (singly or in any combination). 

[0020] Figure 11 schematically depicts automatic identification of optimal uncaging 

distance. 

[0021] Figure 12 schematically illustrates example formats suitable for uncaging: 

multiwell plate (e.g., 96, 384, 1536, or 3456 wells; Panel A), two-dimensional microarray 
of cells or biochemical assays (Panel B), three-dimensional microarray of cells or 
biochemical assays (Panel C), and capillary or flow channel (Panel D). 
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[0022] Figure 13 schematically depicts uncaging in a flow cytometer. 

[0023] Figure 14 schematically depicts uncaging a smaller region within a well of a 

microtiter plate. Panel A depicts cells (white stars) grown on the bottom of the well. Panel 
B depicts light exposure of a portion of the well (boxed area), which uncages a caged 
molecule inside the cells. At the same time, detection of a signal from the same portion of 
the well (from the cells containing the uncaged molecule, represented by black stars) is 
performed. 

[0024] Figure 15 Panel A schematically depicts an uncaging device. Panels B-D 

schematically depict different example fiber optic setups and scanning modes. 

[0025] Figure 16 Panel A depicts an integrating sphere. Panel B schematically 

illustrates an uncaging device comprising an integrating sphere. 

[0026] Figure 17 schematically depicts an uncaging device. Panel A is a top view 

and Panel B is a cross-section of the uncaging device. 

DEFINITIONS 

[0027] Unless defined otherwise, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to which the 
invention pertains. The following definitions supplement those in the art and are directed to 
the current application and are not to be imputed to any related or unrelated case, e.g., to 
any commonly owned patent or application. Although any methods and materials similar or 
equivalent to those described herein can be used in the practice for testing of the present 
invention, the preferred materials and methods are described herein. Accordingly, the 
terminology used herein is for the purpose of describing particular embodiments only, and 
is not intended to be limiting. 

[0028] As used in this specification and the appended claims, the singular forms "a," 

"an" and "the" include plural referents unless the content clearly dictates otherwise. Thus, 
for example, reference to "a component" includes a plurality of components; reference to "a 
cell" includes mixtures of cells, and the like. 

[0029] An "assay" is a reaction or set of reactions performed for the purpose of 

determining the presence, concentration, activity, and/or the like of a molecule (e.g., a 
biomolecule, e.g., a polypeptide, nucleic acid, lipid, or carbohydrate) or a complex of such 
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molecules, as opposed to a reaction performed for the purpose of synthesizing or degrading 
a molecule. The activity of an enzyme can be "assayed", either qualitatively (e.g., to 
determine if the activity is present) or quantitatively (e.g., to determine kinetic and/or 
thermodynamic constants of the reaction). Similarly, an intermolecular association (e.g., a 
binding reaction between two molecules) can be "assayed", either qualitatively (e.g., to 
determine if the association occurs) or quantitatively (e.g., to determine kinetic and/or 
thermodynamic constants of the reaction, e.g., a dissociation constant). Concentration of a 
molecule can also be assayed. 

[0030] A "caging group" is a moiety that can be employed to reversibly block, 

inhibit, or interfere with the activity (e.g., the biological activity) of a molecule (e.g., a 
polypeptide, a nucleic acid, a small molecule, a drug, etc.). The caging groups can, e.g., 
physically trap an active molecule inside a framework formed by the caging groups. 
Typically, however, one or more caging groups are associated (covalently or noncovalently) 
with the molecule but do not necessarily surround the molecule in a physical cage. For 
example, a single caging group covalently attached to an amino acid side chain required for 
the catalytic activity of an enzyme can block the activity of the enzyme; the enzyme would 
thus be caged even though not physically surrounded by the caging group. Caging groups 
can be, e.g., relatively small moieties such as carboxyl nitrobenzyl, 2-nitrobenzyl, 
nitroindoline, hydroxyphenacyl, DMNPE, or the like, or they can be, e.g., large bulky 
moieties such as a protein or a bead. Caging groups can be removed from a molecule, or 
their interference with the molecule's activity can be otherwise reversed or reduced, by 
exposure to an appropriate type of uncaging energy and/or exposure to an uncaging 
chemical, enzyme, or the like. 

[0031] A "photoactivatable" or "photoactivated" caging group is a caging group 

whose blockage, inhibition of, or interference with the activity of a molecule with which the 
photoactivatable caging group is associated can be reversed or reduced by exposure to light 
of an appropriate wavelength ("uncaging light"). For example, exposure to uncaging light 
can disrupt a network of caging groups physically surrounding the molecule, reverse a 
noncovalent association with the molecule, trigger a conformational change that renders the 
molecule active even though still associated with the caging group, or cleave a photolabile 
covalent attachment to the molecule. A "photoactivatable caged component" or 
"photoactivatable caged compound" comprises at least one photoactivatable caging group. 
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[0032] A "photolabile" caging group is one whose covalent attachment to a 

molecule is reversed (cleaved) by exposure to light of an appropriate wavelength. The 
photolabile caging group can be, e.g., a relatively small moiety such as carboxyl 
nitrobenzyl, 2-nitrobenzyl, nitroindoline, hydroxyphenacyl, DMNPE, or the like, or it can 
be, e.g., a relatively bulky group (e.g., a macromolecule, a protein) covalently attached to 
the molecule by a photolabile linker (e.g., a polypeptide linker comprising a 2-nitrophenyl 
glycine residue). A "photolabile caged component" or "photolabile caged compound" 
comprises at least one photolabile caging group. 

[0033] A "label" is a moiety that facilitates detection of a molecule. Conmion labels 

in the context of the present invention include fluorescent, luminescent, and/or colorimetric 

labels. Suitable labels include fluorescent nucleotides, enzymes, substrates, cofactors, 
inhibitors, fluorescent moieties, chemiluminescent moieties, magnetic particles, and/or the 
like. Patents teaching the use of such labels include U.S. Pat. Nos. 3,817,837; 3,850,752; 
3,939,350; 3,996,345; 4,277,437; 4,275,149; and 4,366,241. Many labels are commercially 
available and can be used in the context of the invention. 

[0034] The term "nucleic acid" encompasses any physical string of monomer units 

that can be corresponded to a string of nucleotides, including a polymer of nucleotides (e.g., 
a typical DNA or RNA polymer), PNAs, modified oligonucleotides (e.g., oligonucleotides 
comprising nucleotides that are not typical to biological RNA or DNA in solution, such as 
2'-0-methylated oligonucleotides), and/or the like. A nucleic acid can be e.g., single- 
stranded or double-stranded. Unless otherwise indicated, a particular nucleic acid sequence 
of this invention encompasses complementary sequences, in addition to the sequence 
explicitly indicated. A nucleic acid (e.g., an oligonucleotide, a molecular beacon, an 
antisense nucleic acid, a nucleic acid molecular decoy, a nucleic acid binding sensor, an 
aptamer, a nucleic acid probe, or the like) of this invention is optionally nuclease resistant. 

[0035] A "polypeptide" is a polymer comprising two or more amino acid residues 

(e.g., a peptide or a protein). The polymer can additionally comprise non-amino acid 
elements such as labels, quenchers, blocking groups, or the like and can optionally comprise 
modifications such as glycosylation or the like. The amino acid residues of the polypeptide 
can be natural or non-natural and can be unsubstituted, unmodified, substituted or modified. 

[0036] A variety of additional terms are defined or otherwise characterized herein. 
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DETAILED DESCRIPTION 
[0037] The invention features uncaging devices that can be used, e.g., to uncage 

photoactivatable caged compounds. Masked multiwell plates that can be used, e.g., with the 

uncaging devices form another feature of the invention, as do methods of initiating an assay 

by uncaging a photoactivatable caged component of the assay (e.g., using an uncaging 

device of the invention). 

UNCAGING DEVICES 

[0038] One aspect of the invention provides uncaging devices. Thus, a first general 

class of embodiments provides an apparatus comprising a work area, an uncaging light 
source that directs uncaging light at the work area or a selected portion thereof, and an 
optical meter that monitors the uncaging light. In this class of embodiments, the optical 
meter is positioned in a first plane that runs through the work area. A second general class 
of embodiments provides an apparatus comprising a work area, an uncaging light source 
that directs uncaging light at the work area or a selected portion thereof, a multiwell plate, 
and a plate holder. The plate holder is configured to accept the multiwell plate in a first 
fixed position, wherein the multiwell plate in the first fixed position occupies the work area. 
The multiwell plate comprises a photoactivatable caged component, and exposure to the 
uncaging light results in uncaging of the caged component. The uncaging light typically 
has an optical power density greater than 100 |LiW/cm^ (e.g., equal to or greater than about 
300 |LiW/cm^, 500 |iiW/cm^, 700 |LiW/cm^, or 900 ^iW/cm^) at one or more wavelengths 
between about 100 nm and about 400 nm (the apparatus optionally also produces uncaging 
light with a wavelength greater than about 400 nm). A third general class of embodiments 
provides an apparatus comprising a work area, an uncaging light source that directs 
uncaging light at the work area or a selected portion thereof, and an exposure controller. 
The exposure controller controls optical energy density of the uncaging light to which the 
work area or the selected portion thereof is exposed, whereby the work area is exposed to a 
desired optical energy density selected by a user of the device. In this class of 
embodiments, optical power density of the uncaging light is substantially uniform over the 
entire work area. 

[0039] Figure 1 schematically illustrates an example uncaging device. Apparatus 1 

includes an uncaging light source (lamp 3, e.g., a mercury arc lamp) that directs uncaging 
light (beam bounded by rays 2) at work area 21 (the region of the device in which 
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components generally are uncaged) or a selected portion thereof. In this example 
embodiment, uncaging light generated by lamp 3 is collected and focused by parabolic 
reflector 4 onto optical homogenizer 6. Optical homogenizer 6 comprises two arrays of 
small lenses, the first of which splits and scrambles incoming light and the second of which 
recombines it, such that the output light is highly uniform. Iris 7 (e.g., a fixed iris) and 
shutter 8 are positioned near optical homogenizer 6. Collimating lens 10, positioned near 
work area 21, coUimates the uncaging light. In this example, dichroic mirrors 5 and 9 are 
inserted in the optical path at 45 ® angles; these mirrors reflect light in the UV range but let 
light in the visible and infrared ranges pass through. Lamp 3 is connected to power supply 
11. Cooling fan 12 keeps the temperature within optical unit 13 from rising above that 
tolerated by lamp 3. 

[0040] Optical unit 13 can optionally be adapted from commercially available 

exposure systems or uniform UV light sources such as those used in the semiconductor 
industry, for example, those available from AB Manufacturing Inc. (Model 66-5), Optical 
Associates Inc. (Model LS30/7), Spectra-Physics' Oriel Division (Model 82530-1000), 
Taramack Scientific Inc. (Model PRX500-9), or Quintel Corp. 

[0041] It will be evident that Figure 1 presents a single example of possible 

configurations for the optical unit and that a number of variations are possible. For 
example, depending on the optical setup, any of a variety of light sources can be used, 
including, but not limited to, lamps (e.g., continuous or flash lamps) or lasers. As another 
example, a collimating mirror can be used instead of a collimating lens, or the uncaging 
light can be uncoUimated. As yet another example, the light can be guided from the light 
source to the work area by lenses or a fiber optic bundle, for example, instead of by dichroic 
mirrors. A few example altemative optical setups are illustrated in Figures 15-17. 

[0042] Figure 15 Panel A schematically illustrates an example uncaging device in 

which one or more fiber optic bundles guide the uncaging light from the light source to the 
work area. Uncaging device 151 includes focusing optics 153 that direct uncaging light 
produced by lamp 152 (e.g., a mercury lamp) through shutter 154 and filter 155 to fiber 
optic bundle 156. The uncaging Hght passes through optional diffuser 157 and impinges on 
multiwell plate 158, which occupies the work area. As noted, one or more bundles can be 
used to illuminate one or more portions of the work area (e.g., one or more wells of a 
multiwell plate occupying the work area), sequentially or simultaneously. For example. 
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Panel B illustrates use of a single bundle to illuminate a single well of a multiwell plate 
(filled circle); the other wells (open circles) can be illuminated, e.g., by scanning the plate 
in two-dimensional steps (directions of movement indicated by open arrows), by translating 
the plate and/or the bundle. Panel C illustrates use of a multi-bundle to illuminate a column 
of wells of a multiwell plate (filled circles); the other wells (open circles) can be 
illuminated, e.g., by scanning the plate in one-dimensional steps (direction of movement 
indicated by open arrow). Panel D illustrates use of a line-bundle (black line) to illuminate 
a portion of a column of wells of a multiwell plate; the remainder of the plate can be 
illuminated, e.g., by scanning the plate in a one-dimensional continuous scan (direction of 
movement indicated by open arrow). 

[0043] Figure 16 Panels A and B schematically illustrate an example uncaging 

device comprising an integrating sphere. Uncaging device 161 includes focusing optics 163 
that direct uncaging light produced by light source 162 along a path indicated by ray 166, 
through shutter 164 and filter 165. The uncaging light is reflected by the highly diffusive 
coating on inside surface 167 of integrating sphere 169 and impinges on multiwell plate 
168, which occupies the work area. Optical meter 160 monitors the uncaging light. 
Blocker 170 increases uniformity of the uncaging light by preventing light from traveling 
directly from light source 162 to the work area. 

[0044] Figure 17 Panels A and B schematically illustrate an example uncaging 

device in which one or more LEDs serve as the uncaging light source. For example, in 
uncaging device 171, an array of twelve columns and eight rows of UV LEDs 172 
illuminates wells 173 of 96 well plate 174. The uncaging light produced by each LED 172 
passes through diffuser 175 (which can be a single structure, as illustrated, or a number of 
smaller structures, e.g., one per well) before impinging on a well 173. 

[0045] In some embodiments, at least one reaction region occupies the work area 

(e.g., a single reaction region or a plurality of reaction regions). The reaction region can 
comprise, for example, a well of a multiwell plate (e.g., well 42 of plate 17 in Figure 3 
Panel D), a sample tube, a channel of a microfluidic chip, a capillary, a spot on a two- 
dimensional array, a spot on a three-dimensional array, a slide, or a flow region of a flow 
cytometer. 
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[0046] In the example embodiment illustrated in Figure 1, uncaging device 1 also 

includes plate holder 18 (Figure 3 Panels A, B and D). Plate holder 18 accepts multiwell 
plate 17 in a first fixed position, with multiwell plate 17 occupying work area 21. As 
illustrated, the uncaging light passes through aperture 22 in plate holder 18 and impinges on 
bottom surface 20 of multiwell plate 17. Alternatively or in addition, in other embodiments, 
the uncaging light can impinge on top surface 19 of multiwell plate 17. It will be evident 
that when a slide, microfluidic chip, capillary, sample tube, or other reaction region 
occupies the work area, the uncaging light can impinge on its bottom, top, and/or side, as 
desired. Multiwell plate 17 can be, for example, any of a variety of commercially available 
multiwell plates (sometimes called "microti ter" plates), e.g., a commercially available 12, 
24, 48, 96, 384, 1536, or even 3456 or 9600 well plate, or a custom-designed multiwell 
plate with any number of wells. In embodiments in which the uncaging light impinges on 
the bottom surface of the multiwell plate, the bottom of each well of the multiwell plate 
preferably does not significantly interfere with transmission of the uncaging light. The 
multiwell plate is optionally a black well plate, in which light is not transmitted between 
adjacent wells of the plate. 

[0047] In certain embodiments, the apparatus also includes an optical meter that 

monitors the uncaging light (e.g., an optical power density meter, an optical power meter, an 
optical energy density meter, or an optical energy meter). As illustrated in Figure 1, optical 
meter 15 is preferably located in first plane 16 that runs through work area 21; in this 
configuration, optical meter 15 directly reads the optical power, optical power density, 
optical energy, optical energy density, or the like, of the uncaging light at the work area. 
Alternatively, optical meter 15 can be positioned out of first plane 16 so that the optical 
power, optical power density, optical energy, optical energy density, or the like, read by the 
meter is proportional, not equal, to that at the work area. First plane 16 can, but need not 
be, perpendicular to the path of the uncaging light. Typically, when at least one reaction 
region is occupying the work area, the first plane runs through the reaction region(s). For 
example, in the embodiment illustrated in Figure 1, first plane 16 runs through the wells of 
multiwell plate 17. As illustrated, first plane 16 is parallel to top surface 19 and bottom 
surface 20 of multiwell plate 17. 

[0048] The entirety of work area 21 can be illuminated by the uncaging light, or, if 

desired a selected portion of the work area can be illuminated (e.g., by focusing the 
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uncaging light on the selected portion of the work area, preventing the uncaging light from 
impinging on other portions of the work area, or the like). The work area (or the selected 
portion thereof) can be of essentially any desired size. For example, the area of the work 
area or the selected portion thereof can be from about the cross-sectional area of a single 
cell to the area of a multiwell plate, or even larger; thus, the area of the work area or the 
selected portion thereof is optionally greater than 25 ^im^, greater than 0.01 mm^, greater 
than 1 mm^, greater than 100 mm^, greater than 10 cm^, greater than 100 cm^, greater than 
500 cm^, or even greater than 1000 cm^. Similarly, the area of the work area or the selected 
portion thereof can be about the area of a single well (or a portion of a well) of a multiwell 
plate, a single spot on an array, or a single cell, for example; thus, the area of the work area 
or the selected portion thereof is optionally less than 3 cm^, less than 100 mm^, less than 10 
mm^, less than 1.5 mm^, less than 0.1 mm^, less than 0.25 mm^, less than 2500 |Lim^, or less 
than 50 |Lim^. When a plurality of selected portions of the work area are illuminated 
simultaneously (or sequentially), adjacent portions are optionally separated by a distance of 
less than about 10 mm, less than about 5 mm, less than about 1 mm, less than about 500 
jxm, less than about 100 pim, less than about 50 ^im, less than about 20 |xm, or even less than 
about 10 |xm. 

[0049] As is known in art, different photoactivatable caging groups have different 

optimal wavelengths of uncaging light. Thus, in some embodiments, the uncaging light has 
a wavelength selected by user of the apparatus (e.g., from a continuous spectrum or from a 
set of predefined distinct wavelengths). In other embodiments, the wavelength of the 
uncaging light is selected during manufacture of the apparatus. 

[0050] The uncaging light can have essentially any wavelength (e.g., the uncaging 

light can have a wavelength between about 10 nm and about 1000 nm, e.g., between about 
60 and about 1000 nm, e.g., between about 300 and about 700 nm). A large number of 
caging groups are removable by UV light. Thus, in one class of embodiments, the uncaging 
light has a wavelength in the UV range (e.g., a wavelength between about 10 nm and about 
400 nm, e.g., between about 300 nm and about 400 nm). In one class of example 
embodiments, the uncaging light has a wavelength distribution centered at 365 nm. 

[0051] In the example embodiment illustrated in Figure 1, the wavelength of the 

uncaging light is determined by filter 26, positioned near shutter 8. (One alternative filter 
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position, after coUimating lens 10, is shown for filter 36 in Figure 2.) The filter can be, e.g., 
permanently fixed in position, removable for replacement with a different filter that permits 
passage of a different wavelength light, part of a rotatable filter wheel, or the like. 

[0052] In preferred embodiments, optical power density of the uncaging light is 

substantially uniform over the entire work area. Uniformity of the uncaging light can be 
defined as Uniformity = +/- (max-min)/(max+min), where max is the maximum optical 
power density read within the work area and min is the minimum optical power density read 
within the work area. Thus, for example, uncaging light with substantially uniform optical 
power density can have a uniformity less than about ±15%, less than about ±10%, less than 
about ±5%, less than about ±3%, less than about ±1.5%, or even less than about ±1% over 
the entire work area. 

[0053] Optical power density of the uncaging light can be essentially any value 

useful for uncaging a caged component of interest. Typically, the optical power density of 
the uncaging light is greater than about 1 mW/cm^ (e.g., greater than about 5 mW/cm^, 10 
mW/cm^, 15 mW/cm^, 20 mW/cm^, 30 mW/cm^, or more) and less than about 50,000 
mW/cm^ (e.g., less than about 20,000 mW/cm^, 10,000 mW/cm^, 5,000 mW/cm^, or less). 

[0054] In some embodiments, the uncaging device further comprises an exposure 

controller that controls optical energy density of the uncaging light to which the work area 
(or the selected portion thereof) is exposed. Typically, the exposure controller controls the 
optical energy density of the uncaging light by controlling optical power density of the 
uncaging light and/or an exposure time (an amount of time to which the work area or the 
selected portion thereof is exposed to the uncaging light). It is worth noting that the optical 
energy density is equal to the product of the optical power density and the exposure time. 

[0055] In the embodiment illustrated in Figure 1, for example, apparatus 1 includes 

exposure controller 25, which controls whether shutter 8 is open or closed. Exposure 
controller 25 can accept an input from a user of the apparatus, which input indicates a 
desired exposure time (e.g., the user can input the desired exposure time by means of at 
least one dial, keypad, graphical user interface, or the like). Exposure controller 25 then 
opens shutter 8 for the desired amount of time. Similarly, exposure controller 25 can accept 
an input from a user of the apparatus, which input indicates a desired optical energy density 
of uncaging light to which work area 21 is to be exposed (e.g., the desired optical energy 
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density can be selected by the user to partially or completely uncage a caged component 
occupying work area 21). 

[0056] As illustrated in Figure 1, exposure controller 25 can accept a signal from 

optical meter 15. Exposure controller 25 optionally uses the signal from optical meter 15 to 
adjust the exposure time to achieve the desired optical energy density. For example, optical 
meter 15 can be an optical energy density meter. When the user inputs a desired optical 
energy density, exposure controller 25 opens shutter 8. The optical energy density meter 
reads the optical energy density of the uncaging light impinging on it (which the same as the 
optical energy density of the uncaging light impinging on work area 21, since optical meter 
15 is located in first plane 16 with work area 21). When the desired optical energy density 
has been achieved, optical meter 15 signals exposure controller 25 which closes shutter 8. 
As another example, optical meter 15 can be an optical power density meter. When the user 
inputs a desired optical energy density, exposure controller 25 opens shutter 8. The optical 
power density meter reads the optical power density of the uncaging light impinging on it 
(which the same as the optical power density of the uncaging light impinging on the work 
area, since optical meter 15 is located in first plane 16 with work area 21). Optical meter 15 
signals exposure controller 25, which calculates an appropriate exposure time to produce the 
desired optical energy density given the optical power density measured by optical meter 
15. Exposure controller 25 closes shutter 8 after the calculated exposure time has elapsed. 

[0057] In a preferred class of embodiments, an actual optical energy density to 

which the work area or the selected portion thereof is exposed is substantially equal to the 
desired optical energy density. For example, the actual optical energy density preferably 
varies from the desired optical energy density by less than 10%, less than 5%, or less than 
3%. 

[0058] In some embodiments, the apparatus also includes a mask that alters optical 

power density of the uncaging light impinging on at least a first portion of the work area. 
For example, the mask can prevent the uncaging light from impinging on at least the first 
portion of the work area and permit the uncaging light to impinge on at least a second 
portion of the work area. Alternatively, the mask can decrease the optical power density of 
the uncaging light impinging on the first portion of the work area without completely 
blocking the uncaging light. As will be evident, altering the optical power density of the 
uncaging light impinging on the first portion of the work area alters the optical power 
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density of the uncaging light impinging on anything occupying the work area. Thus, in one 
class of embodiments, the uncaging device comprises a plate holder that is configured to 
accept a mask, the mask altering optical power density of the uncaging light impinging on at 
least a first portion of the multiwell plate. As noted, the mask can reduce the optical power 
density of the uncaging light (or completely block the uncaging light) impinging on one or 
more wells (or portions of wells) of the multiwell plate. For example, in the embodiment 
illustrated in Figure 3 Panels A-D, plate holder 18 is configured to accept mask 40. Mask 
40 prevents the uncaging light from impinging on the first portion (wells 43) of multiwell 
plate 17. Apertures 41 in mask 40 permit the uncaging light to impinge on second portion 
(wells 42) of plate 17. 

[0059] In a related uncaging device, instead of being occupied by a multiwell plate, 

the plate holder is occupied by an adapter configured to accept one or more slides (e.g., 
microscope slides, microfluidic chips, microarrays, and/or the like). The slides are thus 
positioned in the work area, where a caged component on the slides can be uncaged. 

[0060] In embodiments in which at least one reaction region occupies work area 21, 

the reaction region (e.g., well 42) optionally comprises a photoactivatable (e.g., a 
photolabile) caged component (e.g., one or more photoactivatable components). Exposure 
to the uncaging light results in uncaging of the caged component. For example. Figure 4 
illustrates caged kinase sensor 51, which includes a kinase substrate, fluorescent label 53, 
and photolabile caging group 52 (Panel A). Exposure to uncaging light results in uncaging 
of the caged sensor (Panel B), which is then phosphorylated by kinase 54. Label 53 emits a 
more intense signal in the phosphorylated sensor (Panel C) than in the unphosphorylated 
sensor. The photoactivatable caged component can be a component of essentially any 
reaction, assay, sample, or the like. The photoactivatable caged component is optionally 
located inside a cell. The caged component can be essentially any caged compound, 
molecule, ion, complex, or the like. Caged components include, but are not limited to, 
caged polypeptides, caged nucleic acids, caged lipids, caged carbohydrates, caged small 
molecules, and caged metal ions; for example, a caged sensor (e.g., an enzyme or binding 
sensor), a caged nucleic acid probe, a caged modulator, a caged interfering RNA, a caged 
RNAi-based sensor, a caged antisense nucleic acid, a caged ribozyme, a caged biomolecular 
analog, a caged transcription factor, a caged molecular decoy, a caged antibody, a caged 
aptamer, a caged nucleotide (e.g., a caged nucleoside triphosphate or caged cAMP), a caged 
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chelating agent, a caged fluorescent dye, a caged second messenger, or a caged 
neurotransmitter. See, e.g., U.S. Patent Application 60/501,599, filed September 9, 2003, 
entitled "Caged sensors, regulators and compounds and uses thereof by Nguyen et al.; U.S. 
Patent Application 60/484,785, filed July 3, 2003, entitled "RNAi-based sensors and 
methods of use thereof by Nguyen and McMaster; Haughland (2003) Handbook of 
Fluorescent Probes and Research Products Ninth Edition or the current Web Edition, 
available from Molecular Probes, Inc.; and Shigeri et al. (2001) "Synthesis and application 
of caged peptides and proteins" Pharmacology & Therapeutics 91:85-92). A number of 
caged compounds, including for example caged nucleotides, caged Ca2+, caged chelating 
agents, caged neurotransmitters, and caged luciferin, are conmiercially available, e.g., from 
Molecular Probes, Inc. (www.molecularprobes.com). In embodiments in which the reaction 
region comprises a plurality of caged components, the distinct caged components are 
optionally uncaged under distinct conditions (e.g., exposure to distinct wavelengths, optical 
power densities, and/or optical energy densities of uncaging light). 

[0061] Similarly, in embodiments in which at least one reaction region occupies 

work area 21, the reaction region optionally comprises a labeled component (which is 
optionally the same component as the caged component, e.g., kinase sensor 51). The 
uncaging device can also include a detector that detects a signal from the labeled 
component. Thus, as illustrated in Figure 2, apparatus 27 (which has the features of 
apparatus 1 but also includes additional features) includes optional detector 31 (e.g., a 
photomultiplier tube, a CCD array, a luminescent or fluorescent plate reader, a cell imager, 
or the like). In embodiments in which a fluorescent signal is to be detected from the labeled 
component, the uncaging device can also include an excitation light source that directs 
excitation light at the reaction region to stimulate the fluorescence. As illustrated, uncaging 
device 27 also includes data storage system 32, which is coupled to detector 31 and which 
stores signal intensity measured by detector 31, e.g., signal intensity as a function of 
location within the work area (e.g., as a function of well location within a multiwell plate) 
and/or as a function of time after exposure of the work area to uncaging light (i.e., time after 
uncaging of a caged component). Data storage system 32 can, e.g., be a computer, 
optionally a computer that also controls operation of the uncaging device. 

[0062] The uncaging devices of the invention optionally also include other features, 

e.g., features facilitating high throughput screening and sample processing. Thus, for 
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example, uncaging device 27 includes plate handling element 30 that moves multiwell plate 
17 at least from the first fixed position in plate holder 18 to a second fixed position (e.g., on 
a stack of other plates). Example plate handling elements include, but are not Hmited to, 
commercially available robotic plate handling systems such as those available from 
Beckman Coulter (www.beckman.com), CCS Packard, Inc. (www.ccspackard.com), and 
Tecan (www.tecan.com). The apparatus optionally also includes a barcode reader (e.g., to 
conveniently identify individual multiwell plates). Uncaging device 27 optionally also 
includes fluid handling element 33, which is operably connected to wells 42 and 43 of 
multiwell plate 17 (the example reaction regions occupying work area 21; expanded view in 
Figure 3 Panel D). Fluid handling element 33 can, for example, facilitate the addition 
and/or removal of various reagents, buffers, and the like to the reaction region(s). 

[0063] The uncaging devices optionally include environmental controls. For 

example, apparatus 27 includes heating element 34, which is configured to maintain work 
area 21 at a selected temperature. The temperature can be selected by a user of the device 
or preset during manufacture of the device. Additional environmental controls can, for 
example, maintain a desired atmosphere in the work area (e.g., a selected or preset humidity 
and/or concentration of CO2, oxygen, argon, nitrogen, or the like). 

[0064] Safety features can be included in the uncaging devices. For example, 

apparatus 27 includes safety shield 37, which reduces exposure of a user of the apparatus to 
the uncaging light. For example, safety shield 37 can prevent exposure of the user to more 
than 1 mW/cm^ of 365 nm uncaging light at a distance of 30 cm from apparatus 27 (e.g., to 
more than 0.5 mW/cm^or even 0.1 mW/cm^). The apparatus optionally includes a safety 
lock, e.g., a lock that prevents the shutter from opening if the safety shield is not positioned 
to protect the user. 

[0065] In some embodiments in which at least one reaction region occupies the 

work area, the uncaging device comprises a translator that translates the reaction region 
relative to the uncaging light source and/or a translator that translates the uncaging light 
source relative to the reaction region. For example, uncaging device 27 includes translator 
35 (e.g., an x-y-z translation stage) that translates plate holder 18 and thus multiwell plate 
17. Such translators can, for example, be used during reading of signals emanating from the 
reaction region(s) by a detector, for sequential illumination of reaction regions (e.g., a beam 
of uncaging light that does not illuminate the entire top or bottom surface of a multiwell 
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plate can be used to scan the plate, by translating either the plate or the light source), or for 
rotation of the reaction region(s) to ensure even illumination of the reaction region(s). 

MASKED MULTIWELL PLATES 

[0066] Another aspect of the invention provides masked multiwell plates, e.g., for 

use in uncaging of caged components. Figure 3 schematically illustrates an example 
masked multiwell plate. Masked multiwell plate 44 includes multiwell plate 17 and mask 
40. Mask 40 alters optical power density of uncaging light impinging on at least a first 
portion (wells 43) of multiwell plate 17. Mask 40 prevents the uncaging light from 
impinging on the first portion (wells 43) of multiwell plate 17, when the plate is illuminated 
from below such that the uncaging light impinges on bottom surface 20 of the plate. 
Apertures 41 in mask 40 permit the uncaging light to impinge on second portion (wells 42) 
of multiwell plate 17 (e.g., to uncage a caged component in wells 42 but leave the 
component caged in control wells 43). In other embodiments, the mask can decrease the 
optical power density of the uncaging light impinging on the first portion of the multiwell 
plate without completely blocking the uncaging light (e.g., to uncage different proportions 
of a caged component in different wells of the plate, or to provide an optimal optical energy 
density for uncaging different caged components in different wells of the plate). As 
illustrated in Figure 3, mask 40 is disposed on bottom surface 20 of multiwell plate 17. 
Alternatively, in embodiments in which the multiwell plate is to be illuminated from above 
by the uncaging light, the mask can be disposed on top surface 19 of multiwell plate 17. 
The first portion of the multiwell plate covered by the mask can comprise a portion of at 
least one well of the multiwell plate, or it can comprise one or more entire wells of the 
multiwell plate (as in the example illustrated in Figure 3D, where the first portion of 
multiwell plate 17 comprises the entirety of each well 42). 

[0067] Multiwell plate 17 optionally comprises a photoactivatable (e.g., a 

photolabile) caged component (e.g., one or more photoactivatable components). Exposure 
to the uncaging light results in uncaging of the caged component (e.g., caged kinase sensor 
51 in Figure 4). As noted for the embodiments described above, the photoactivatable caged 
component can be a component of essentially any reaction, assay, sample, or the like. The 
photoactivatable caged component is optionally located inside a cell. The caged component 
can be essentially any caged compound, molecule, ion, complex, or the like. Caged 
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components include, but are not limited to, caged polypeptides, caged nucleic acids, caged 
lipids, caged carbohydrates, caged small molecules, and caged metal ions; for example, a 
caged sensor (e.g., an enzyme or binding sensor), a caged nucleic acid probe, a caged 
modulator, a caged interfering RNA, a caged RNAi-based sensor, a caged antisense nucleic 
acid, a caged ribozyme, a caged biomolecular analog, a caged transcription factor, a caged 
molecular decoy, a caged antibody, a caged aptamer, a caged nucleotide (e.g., a caged 
nucleoside triphosphate or caged cAMP), a caged chelating agent, a caged fluorescent dye, 
a caged second messenger, or a caged neurotransmitter. 

UNCAGING METHODS 

[0068] Another aspect of the invention provides methods, e.g., methods of using the 

uncaging devices described herein or in which the devices can be used. Thus, one general 
class of embodiments provides methods of initiating an assay within a reaction area. In the 
methods, at least one photoactivatable caged component of the assay is introduced into the 
reaction area (as are any other components necessary for the assay). The reaction area is 
then exposed to uncaging light, which results in uncaging of the caged component. The 
optical power density of the uncaging light is substantially uniform over the entire reaction 
area, which has an area of at least about 50 mm^. 

[0069] The reaction area can be the work area of an uncaging device of the 

invention. Similarly, the reaction area can comprise one or more wells of a multiwell plate, 
sample tubes, channels of a microfluidic chip, capillaries, spots on a two-dimensional array, 
spots on a three-dimensional array, slides, flow regions of a flow cytometer, or the like. As 
noted, the reaction area has an area of at least about 50 nmi^ (e.g., the area of the reaction 
area can be greater than 75 mm^, greater than 100 mm^, greater than 10 cm^, greater than 
100 cm^, greater than 500 cm^, or even greater than 1000 cm^). 

[0070] As noted, the optical power density of the uncaging light is substantially 

uniform over the entire reaction area. Thus, the optical power density of the uncaging light 
can have a uniformity less than about ±15%, less than about ±10%, less than about ±5%, 
less than about ±3%, less than about ±1.5%, or less than about ±1% over the entire reaction 
area. 

[0071] Using the uncaging devices of the invention, for example, a caged 

component can be exposed to a precise, predetermined, and reproducible dose of uncaging 
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light to uncage the caged component. Thus, in one class of embodiments, the reaction area 
is exposed to a desired optical energy density of the uncaging light. Preferably, an actual 
optical energy density to which the reaction area is exposed is substantially equal to the 
desired optical energy density. For example, the actual optical energy density preferably 
varies from the desired optical energy density by less than 10%, less than 5%, or less than 
3%. 

[0072] Exposure to the uncaging light can result in uncaging of substantially all of 

the caged component present in the reaction area. Alternatively, exposure to the uncaging 
light can result in uncaging of only a first portion of the caged component present reaction 
area. If desired, the assay can be repeated without addition of fresh reagents by reexposing 
the reaction area to the uncaging light and uncaging a second portion of the caged 
component. The first (and/or second) portion is optionally a defined amount. 

[0073] The uncaging light can be coUimated or not collimated. The optical power 

density of the uncaging light can be essentially any value useful for uncaging the caged 
component. Typically, the optical power density of the uncaging light is greater than about 
1 mW/cm^ (e.g., greater than about 5 mW/cm^, 10 mW/cm^, 15 mW/cm^, 20 mW/cm^, 30 
mW/cm^, or more) and less than about 50,000 mW/cm^ (e.g., less than about 20,000 
mW/cm^, 10,000 mW/cm^ 5,000 mW/cm^, or less). 

[0074] As is known in art, different photoactivatable caging groups have different 

optimal wavelengths of uncaging light. Thus, the uncaging light can have essentially any 
wavelength (e.g., the uncaging light can have a wavelength between about 10 nm and about 
1000 nm, e.g., between about 60 and about 1000 nm, e.g., between about 300 and about 700 
nm). For example, a large number of caging groups are removable by UV light. Thus, in 
one class of embodiments, the uncaging light has a wavelength in the UV range (e.g., a 
wavelength between about 10 nm and about 400 nm, e.g., between about 300 nm and about 
400 nm). In one class of example embodiments, the uncaging light has a wavelength 
distribution centered at 365 nm. 

[0075] In one class of embodiments, the photoactivatable caged component is a 

photolabile caged component. As noted for the embodiments described above, the 
photoactivatable caged component can be a component of essentially any reaction, assay, 
sample, or the like. The photoactivatable caged component is optionally located inside a 
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cell. The caged component can be essentially any caged compound, molecule, ion, 
complex, or the like. Caged components include, but are not limited to, caged polypeptides, 
caged nucleic acids, caged lipids, caged carbohydrates, caged small molecules, and caged 
metal ions; for example, a caged sensor (e.g., an enzyme or binding sensor), a caged nucleic 
acid probe, a caged modulator, a caged interfering RNA, a caged RNAi-based sensor, a 
caged an ti sense nucleic acid, a caged ribozyme, a caged biomolecular analog, a caged 
transcription factor, a caged molecular decoy, a caged antibody, a caged aptamer, a caged 
nucleotide (e.g., a caged nucleoside triphosphate or caged cAMP), a caged chelating agent, 
a caged fluorescent dye, a caged second messenger, or a caged neurotransmitter. 

[0076] In some embodiments, the reaction area comprises a labeled component 

(which is optionally the same component as the caged component, e.g., kinase sensor 51), 
and the methods also include detecting a signal from the labeled component (e.g., a 
luminescent, fluorescent, or other signal). 

EXAMPLES 

[0077] It is understood that the examples and embodiments described herein are for 

illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and scope of the appended claims. Accordingly, the following examples are 
offered to illustrate, but not to limit, the claimed invention. 

Evaluation of optical power density uniformitv 

[0078] To determine whether commercially available UV exposure systems can be 

adapted for use as portions of example uncaging devices (e.g., devices producing uncaging 
light in the UV wavelength range), uniformity of the light produced by five such 
commercial devices was evaluated. UV exposure systems tested were Model 66-5 from AB 
Manufacturing Inc. (ABM, www.abmfg.com). Model LS30/7 from Optical Associates Inc. 
(OAI, www.oainet.com), Model 82530-1000 from Spectra-Physics* Oriel Division 
(www.oriel.com), Model PRX500-9 from Taramack Scientific Inc. (www.tamsci.com), and 
a model from Quintel Corp. (www.quintelcorp.com). 

[0079] The systems were operated in constant intensity mode with a 365 nm filter in 

place (constant power mode was also tested). Figure 5 Panel A presents an optical spectrum 
of output light from the ABM system without a 365 nm filter, while Panel B presents an 
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optical spectrum of output light from the same system with the 365 nm filter. With the 
filter, the output light has a wavelength distribution that is centered at 365 nm. Optical 
power density of the output light (with a 365 nm filter) ranged from 7.3 mW/cm^ to 39 
mW/cm^ for the five systems tested. 

[0080] Uniformity of the optical power density of the output light at 365 nm was 

measured using a "five point" method. As illustrated in Figure 6, the optical power 
densities at 365 nm were measured at the center and each comer of a typical multiwell plate 
footprint. Optical power density meter probe positions are indicated by filled circles 60 at 
five points within typical multiwell plate footprint 61 (which has dimensions of about 4.3 
by 3 inches). The exposure areas of the OAI system (62, about 6 inches in diameter), the 
ABM system (63, about 6 by 6 inches), and the Oriel system (64, about 10 inches in 
diameter) are indicated for reference. Uniformity is calculated using the formula 
Uniformity = +/- (max-min)/(max+min), where max is the maximum optical power density 
and min is the minimum optical power density, and presented as a +/- percentage value. 
The resulting uniformities for the five systems are listed in Table 1. 



Table 1 : Optical power densitv uniformitv 



system 


ABM 


OAI 


Oriel 


Taramack 


Quintel 


uniformity 


+/-1.5% 


+/-2.5% 


+/-2.8% 


+/-4.2% 


+/-5.0% 



[0081] Uniformity of the optical power density of the output light was also 

measured by a scanning method. A linear stage was set up to scan a 6 by 6 inch test area in 
9 mm steps. Measured uniformities were very similar to those measured by the five point 
method. 

Device for photoactivation and detection of biochemical and cell-based assays 

[0082] Caged molecules have been used in microscopy studies of cells. There are 

commercial devices for uncaging samples on microscope slides. For example, Photonics 

Micropoint System and Prairie Technology fluorescent microscope adaptors have been used 

to activate caged calcium ions or EDTA for studying ion channels and voltage clamps in a 

single cell. However, there is currently no commercially available system for uncaging 

samples in test tube, microtiter plate, or other formats. Researchers resort to homemade 
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xenon or mercury flash or UV lamps, which are highly non-uniform, irreproducible from 
mn-to-run, not user friendly and unsafe to use. They are not integrated with a reader and are 
not made for high throughput applications. 

[0083] This invention describes an uncaging device that can trigger photoactivatable 

biochemical and cell-based assays and that optionally also detects signals from the assays. 
Photoactivatable assays contain caged molecules whose activities are muted by the 
attachment of photoactivatable (e.g., photolabile) chemical groups. When exposed to 
uncaging light, the photolabile groups fall off and the uncaged molecule becomes 
functionally active, setting off the reaction and generating signals. 

[0084] Preferably, the uncaging device produces light of specific wavelength and 

intensity aiming at specific locations. For example, the device can initiate a photoactivatable 
reaction over an area ranging from about a nanometer to about a meter in size. It can trigger 
a single reaction or many reactions, with a spatial resolution of, e.g., 1 millimeter, 500 
microns, 100 microns, 50 microns, 20 microns, 10 microns, or less. It can trigger 
photoactivatable reactions at high speed, preferably within 100 milliseconds, 10 
milliseconds, 1 millisecond, 100 microseconds, 10 microseconds, 1 microsecond, 100 
nanoseconds, 10 nanoseconds, or 1 nanosecond or less, for example. The uncaging device 
also has the capability of detecting the signal from the reaction in synchrony with the 
triggering event. 

[0085] In a preferred embodiment, this device is coupled with a robotic liquid 

handling machine to provide an integrated platform for bioassays, including high 
throughput screening of compound libraries in drug discovery or clinical diagnosis of 
patient samples. 

Example instrument functions and capabilities 
[0086] This invention features an uncaging instrument that optionally has a plurality 

of the following capabilities: (1) Photo-activate biochemical and cell based assays and 

detect the results of the assays at the same time (Figures 7-11). (2) Uncage in standard 

reaction formats such as multiwell plates (e.g., 96, 384 and 1536 well microtiter plates; 

Figure 12 Panel A). (3) Uncage other reaction formats such as two-dimensional microarrays 

of cells or biochemical assays (Figure 12 Panel B), three-dimensional microarrays of cells 

or biochemical assays (Figure 12 Panel C), assays within micro channels of micro fluidic 
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systems (Figure 12 Panel D) or flow channels of flow cytometers (Figure 13), etc. (4) 
Control energy, wavelength, time, location (x, y, z) and dimension of illumination for 
uncaging and optionally detection (Figure 11). (5) Illuminate from different orientations, 
e.g., top, bottom and side. (Figures 7-8). (6) Auto calibrate for reproducible illumination of 
light within and between experiments (Figure 11). (7) Adjust the height of sample location 
(Figure 11). (8) Rotate samples to ensure even illumination, (9) Energy and wavelength 
calibration meter. (10) Various detectors for measuring output signal (e.g., photo multiplier 
tube for detecting fluorescent or chemiluminescent signal). (11) Computer and instrument 
software. (12) Uniform illumination. (13) Heating and environmental control (e.g., for 
maintaining or stimulating cell culture). (14) Liquid handling for precision delivery of test 
compounds. 

[0087] For example, in one example class of embodiments, an uncaging apparatus 

includes at least one reaction region that comprises at least one photoactivatable caged 
component of the assay (e.g., a photolabile caged component), a light source for directing 
light at the reaction region or a portion thereof, and a detector for detecting at least one 
signal produced by at least one labeled component of the assay. The light from the light 
source is capable of uncaging the photoactivatable caged component. The reaction region 
can comprise, e.g., a well of a multiwell microtiter plate, a sample tube, a channel of a 
microfluidic chip, a capillary, a spot on a two-dimensional array, or a spot on a three- 
dimensional array. Preferably, the apparatus also includes a fluid-handling element. 

Example instrument description 
[0088] The instrument typically has illumination sources for uncaging, stimulation 

and/or detection, a mechanism to control the illumination power and/or energy density, and 

an optical set-up to guide the light from illumination source to sample. A calibration light 

meter can be used to ensure reproducible exposure and automated power and location 

adjustments. Mechanical design can be used to manipulate samples and/or optics in an x, y 

or z direction depending on specific application and assay format. A liquid handling 

mechanism is preferably integrated into the reaction holder. 

[0089] The illumination source(s) can be, e.g., continuous or pulse lasers, flash 

lamps (e.g., Xenon or Mercury), continuous lamps and others. The light can be guided to 
the sample with one or more optical mirror, lens, fiber optic bundle, or the like. Illumination 
dimension (focus or broad beam) can be controlled using lenses or mirrors, for example. 



-24- 



Unifonn illumination can be achieved, e.g., by using a coUimated lens. For a non-uniform 
light source, samples or the light source can be rotated to ensure even exposure of all 
samples. A diffuser can also be used to ensure even illumination. As an alternative example, 
fiber optic guided light can be directed to each well of a multiwell plate to uncage the entire 
well or only part of a well. Figure 10 schematically illustrates fiber optic bundles 101 used 
to guide uncaging light from light source 102 to wells 103 of a multiwell plate. As 
depicted, illumination can be provided to the top and/or bottom of the wells (singly or in 
any combination). A light source with less energy can be used for uncaging a small part of 
a well in microtiter plate. The detection is then focused on the uncaged region of the well. 
Hence, uncaging a smaller part of a well can permit the use of a lower energy light source. 
Figure 14 schematically depicts uncaging a smaller region within a well of a microtiter 
plate. Panel A depicts cells (white stars) grown on the bottom of the well. Panel B depicts 
light exposure of a portion of the well (boxed area), which uncages a caged molecule inside 
the cells. At the same time, detection of a signal from the same portion of the well (from 
the cells containing the uncaged molecule, represented by black stars) is performed. 

[0090] After the samples (biochemical reactions or adherent or non-adherent cells) 

are photoactivated, the samples can be read on various detectors such as a microtiter plate 
reader (commercially available from many vendors), a flow cytometer (commercially 
available from, e.g., Beckman Coulter or BD Biosciences), a laser scanning cytometer 
(commercially available from, e.g., Acumen, Cellomics or Amersham), a fluorescent 
microscope (commercially available from, e.g., Nikon, Zeiss, Olympus and others), a 
confocal fluorescent microscope (commercially available from, e.g., Bio-Rad, Zeiss and 
others) or microfluidic chip systems (commercially available from, e.g.. Caliper and others). 

[0091] An uncaging illumination source can be incorporated into any of the 

instruments listed above. For example, an uncaging illumination source can be incorporated 
into a microtiter plate reader so that photoactivation of samples can be inmiediately 
followed by detection - permitting precise control of kinetic reading. For a flow cytometer, 
samples can be photoactivated by flowing the samples past an uncaging light source before 
they reach the detector location. For example, activation of non-adherent cells can be 
performed in high throughput mode using photoactivation flow cytometer devices. As the 
cells flow pass the light source, they are activated one at a time before going to the detector. 
Figure 13 schematically depicts uncaging in a flow cytometer. Cell 131 comprising a caged 
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component and flowing in channel 133 in the direction of the solid arrows is exposed to 
uncaging light from uncaging light source 132. Cell 131, now comprising the uncaged, 
active component, is exposed to excitation light from excitation light source 134, and a 
fluorescent signal emitted from the component is detected by detector 135. 

[0092] Non-fluorescent probes can also be employed with a photoactivation device. 

For example, a chemiluminescent reaction can be triggered using a light activated 
sensor/regulator. 

[0093] Illumination from the top of the wells is preferred for many applications, 

such as some biochemical assays or uncaging in cells in suspension (illumination from the 
bottom or side of the wells may be preferred for many other applications, such as uncaging 
in adherent cells). Small assay volumes and areas are typically preferred in 
photoactivatable assays since less energy per area is required. For example, a 1536 well 
assay format is more ideal than 96 and 384 well assay formats. In addition, a shallow assay 
reaction is preferred since light transmission through the assay buffer can be poor, 
especially for shorter wavelength light. Figure 7 schematically depicts uncaging using 
illumination from the top of sample wells 71 of a multiwell plate. Uncaging light provided 
by light source 72 is reflected by mirrors 73 and 74 as indicated by the open arrows. Figure 
8 schematically depicts uncaging using illumination from the bottom of wells 81 of a 
multiwell plate. Uncaging light provided by light source 82 is reflected by mirrors 83 and 
84 as indicated by the open arrows. The uncaging light impinges on the bottom of wells 81, 
e.g., for uncaging a sensor in adherent cells 85 comprising the sensor. Figure 9 
schematically depicts uncaging using illumination from the bottom of wells 91, where 
illumination is provided to a single well at a time. Uncaging light provided by light source 
92 is reflected by mirrors 93 and 94 as indicated by the open arrows. The uncaging light 
impinges on the bottom of well 91, e.g., for uncaging a sensor in adherent cells 95 
comprising the sensor. Figure 1 1 schematically depicts automatic identification of optimal 
distance from the light source for uncaging in sample wells. Uncaging light provided by 
light source 1 12 is reflected by mirrors 113 and 1 14 as indicated by the open arrows. The 
uncaging light impinges on the bottom of wells 111. Light meter 117, which is located in 
the same plane as sample wells 111, monitors the uncaging light. Motor 118 adjusts the 
position (e.g., the vertical and/or horizontal position) of sample wells 111 and meter 117 
with respect to the beam of uncaging light, e.g., to position the wells in the most intense part 
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of the beam. Optional detector 119 detects a signal emitted from sample wells 111 (e.g., 
from a sensor in the wells). 

[0094] While the foregoing invention has been described in some detail for purposes 

of clarity and understanding, it will be clear to one skilled in the art from a reading of this 
disclosure that various changes in form and detail can be made without departing from the 
true scope of the invention. For example, all the techniques and apparatus described above 
can be used in various combinations. All publications, patents, patent applications, and/or 
other documents cited in this application are incorporated by reference in their entirety for 
all purposes to the same extent as if each individual publication, patent, patent application, 
and/or other document were individually indicated to be incorporated by reference for all 
purposes. 
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